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(57) ABSTRACT

A semiconductor device comprising, on a semiconductor
substrate, an element-isolating region, an active region, and
a gate electrode with a bent portion having a bent-angle 0 on
the active region. The boundary between the element-

1solating region and the active region intersects the gate
clectrode so that the line segments of the boundary at which

said intersection takes place, are approximately parallel to
the bisector of the bent-angle 0 of the bent portion of the gate
electrode. In this semiconductor device, the variation 1n
width of gate electrode 1s small and accordingly the varia-
tion 1n properties 1s small, even when the relative position of
cgate electrode and active region of MOSFET has shifted
slightly.

4 Claims, 11 Drawing Sheets
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Fig. 12 (Prior Art)
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Fig. 14 (Prior Art)

Fig. 15 (Prior Art)
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METHOD FOR MAKING SEMICONDUCTOR
DEVICE HAVING BENT GATE ELECTRODE

This 1s a divisional of application Ser. No. 09/307,748
(Confirmation Number not yet assigned) filed May 10, 1999,
now U.S. Pat. No. 6,246,080 the disclosure of which 1s

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
with a bent gate, particularly a semiconductor device having,

a MOSFET with a bent gate.
2. Description of the Prior Art

MOSEFETs having a bent gate have been used to meet the
requirements of the production, properties and layout. As
shown in FIG. 12, when 1on 1njection 1s made slightly
obliquely using a gate electrode 33 as a mask, to form
impurity-injected regions 39a and 395 1n an active region, a
non-injected region remains between the gate electrode 33
and the impurity-injected region 39a and, as a result, asym-
metry appears between the region 39a and the region 395b.
Hence, 1t 1s disclosed m JP-A-2-250332 that when a gate
clectrode 33 1s formed on an active region 34 1n a shape bent
by 90° as shown in FIG. 13, shade does not appear in all of
the vicinity of the gate electrode 33 even when 10n 1njection
1s made slightly obliquely, and improved symmetry is
obtained.

A large gate width results 1n a decreased resistance of
channel region and accordingly 1n an increased transfer
speed of signal. Hence, the use of a bent gate makes it
possible to have a large gate width 1n a narrow region, which
widen the degree of freedom 1 the layout of MOSFET.

As shown 1 FIG. 14, with a bent gate, the gate width 1s
relatively large and yet a small distance between a contact
and gate electrode can be secured, whereby a decreased
parasitic resistance can be obtained. That 1s, several contacts
(indicated by contacts 3556 in FIG. 14) are formed for
decreased parasitic resistance; however, by using a bent
cgate, a decreased parasitic resistance can be obtained by
using one contact 354 1n an active region 34c¢ which 1s inside
the bent portion of bent gate. Further 1n FIG. 14, the area
the active region 34¢ 1s %5 of that of an active region 34d
(which is outside of the bent portion of bent gate); therefore,
the parasitic capacitance of the active region 34c¢ to the
semiconductor substrate can be reduced to Y3 of that of the
active region 34d.

The positional relationship between bent gate and active
region has been such that the boundary 37 of the active
region 34 and the element-isolating region 36 intersects the
gate electrode 33 at right angles, as shown 1 FIG. 13.

In such a positional relationship between bent gate and
active region, however, when mask misalignment takes
place 1n formation of element-1solating region 36 and result-
ant determination of active region or in formation of gate
clectrode 33, the relative position of gate electrode 33 and
active region shifts as shown in FIG. 15 by an active region
34a (when there 1s no misalignment) and an active region
34H (when there is misalignment); as a result, the formed
width of channel becomes different from the width of layout
and no intended transistor properties are obtainable.

As shown 1n FIG. 16, when two MOSFETs each having
a bent gate are formed symmetrically for the layout require-
ment and when misalignment takes place, the width of gate
decreases 1n the left MOSFET and conversely increases in
the right MOSFET. The balance 1n transistor properties are
adversely lost.
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2
SUMMARY OF THE INVENTION

The present invention has been completed 1in order to
solve the above-mentioned problems of the prior art. The
present nvention has an object of providing a semiconduc-
tor device in which the variation 1n gate width 1s small and
accordingly the variation in properties 1s small even when

the relative position of gate electrode and active region of
MOSFET has shifted.

The present invention 1s directed to a semiconductor
device comprising, on a semiconductor substrate, an
clement-1solating region, an active region, and a gate elec-
trode with a bent portion having a bent-angle 0 on the active
region, wherein the boundary between the element-1solating
region and the active region intersects the gate electrode so
that the line segments of the boundary at which said inter-
section takes place, are approximately parallel to the bisector
of the bent-angle 0 of the bent portion of the gate electrode.

The present mvention 1s also directed to a process for
producing a semiconductor device comprising, on a Semi-
conductor substrate, an element-insulating region, an active
region, and a gate electrode with a bent portion having an
angle 0 on the active region, wherein the process comprises
the steps of:

forming, on a predetermined region of the semiconductor
substrate, a mask having such a shape that the circum-
ference of the mask intersects the gate electrode to be
formed 1n a later step and that the line segments of the
mask circumference at which the intersection takes
place, are approximately parallel to the bisector of the
bent-angle 0 of the bent portion of the gate electrode;

forming, on the area of the semiconductor substrate not
covered with the mask, the element-isolating region
and thereby determining the active region;

removing the mask and then forming the gate electrode
having a bent portion; and

conducting 1on 1njection using the gate electrode as a
mask to form impurity-injected regions in the active
region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a positional relationship of the element-
i1solating region, active region and gate electrode in the
present semiconductor device.

FIG. 2 shows a positional relationship of the gate elec-
trode and boundary of element-isolating region and active
region 1n the present semiconductor device.

FIGS. 3a, 3b, 3c and shows a positional relationship of the
clement-isolating region, active region, boundary thercof
and gate electrode 1n the present semiconductor device.

FIG. 4 15 a plan view showing a semiconductor device of
the present mvention.

FIG. 5 is views [(a): plan view, (b): sectional view]
showing a production step of the present semiconductor
device.

FIG. 6 1s a sectional view showing a production step of the
present semiconductor device.

FIG. 7 1s a sectional view showing a production step of the
present semiconductor device.

FIG. 8 is views [(a): plan view, (b): sectional view]
showing a production step of the present semiconductor
device.

FIG. 9 15 a sectional view showing a production step of the
present semiconductor device.

FIG. 10 1s a sectional view showing a production step of
the present semiconductor device.
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FIG. 11 1s a sectional view showing a production step of
the present semiconductor device.

FIG. 12 1s a view showing that 1on-1njected regions are
formed asymmetrically when 1on injection 1s made
obliquely.

FIG. 13 1s a view showing a conventional positional
relationship between bent gate electrode and active region.

FIG. 14 1s a view showing a conventional positional
relationship between bent gate electrode, contacts and active
regions.

FIG. 15 1s a view showing a conventional positional
relationship between bent gate electrode and active region

both when there 1s no misalignment and when there 1s
misalignment.

FIG. 16 1s a view showing a positional relationship
between bent gate electrode and active region when two bent
cgate electrodes have been arranged symmetrically in a
conventional semiconductor device.

In these views, 1 1s a silicon substrate; 2 1s a mask; 3 1s
a gate electrode; 4 1s an active region; 4a 1s an active region
when there 1s no misalignment; 4b 1s an active region when
there 1s misalignment; 5 1s an inter-layer insulating film; 6 1s
an clement-isolating region; 7 1s a boundary; 8 1s a line
segment; 9 1s an 1mpurity-injected region; 10 1s a bisector;
11 1s a wiring; and 12 1s a contact.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 1s a plan view showing a positional relationship of
the element-1solating region, active region and gate elec-
trode 1n the present semiconductor device. As shown 1n FIG.
1, the gate electrode 3 1s formed so as to stretches over the
active region (4a or 4b) and the element-isolating region 6.
when viewed two-dimensionally, the boundary of the active
region and the element-isolating region intersects the gate
clectrode. As shown 1 FIG. 2, the line segments 8 of the
boundary 7 at which said intersection takes place, are
approximately parallel to the bisector 10 of the bent-angle O
of bending of the gate electrode 3.

In the above positional relationship, as shown 1n FIG. 1,
the width of gate electrode in the active region (in the plan
view) makes no change or makes very minor change even if,
in formation of element-1solating region, the position of
active region has shifted from the layout position (active
region 4a) to a different position (active region 4b) and the
relative position of active region and gate electrode has
changed.

In the present invention, the gate electrode may have one
bent portion or two or more bent portions as shown 1n FIG.
3(a) and FIG. 3(b). In these cases, the bent-angle 0 of
bending of gate electrode 1s an angle formed by the two
clectrode portions each intersecting the boundary of active
region and element-isolating region, as shown in FIG. 3(a)
and FIG. 3(b). Incidentally, the gate electrode may have a
bent portion(s) outside of the active region as necessary;
however, such bent portion(s) has (have) nothing to do with
the bent portion(s) associated with the present invention.

The present invention exhibits the largest effect when the
bent-angle 0 of bending of gate electrode is 90°. The eff

cct
of the present invention i1s applicable also when the bent-
angle 0 is an obtuse angle as shown in FIG. 3(¢); in this case,
the line segments 8 of the boundary 7, formed by intersec-
tion of the boundary 7 and the gate electrode are allowed to
be approximately parallel to the bisector of the bent-angle 0.
The same applies also when the bent-angle 0 1s an acute
angle.
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The bisector 10 and the line segments 8 are formed so as
to become as parallel as possible. For example, the angle
formed by the bisector 10 and the line segments 8 1is
acceptable for ordinary purposes if it is within =10°; but is
preferably within £5°.

The shape of the active region 1s not necessarily rectan-
oular as shown 1n FIG. 1. The shape may be other than that
as long as the boundary of active region and element-
isolating region has a required angle (approximately
parallel) to the bisector of the bent-angle 0 of bending of
cgate electrode even when the shifting of active region takes
place. In such a shape, the above-mentioned line segments
of the boundary can always have a required angle
(approximately parallel) to the bisector of the bent-angle O
of bending of gate electrode.

Embodiment

The present mvention 1s described 1n more detail below
by way of Embodiment. Description 1s made on a semicon-
ductor device with a gate electrode having a bent-angle 0 of
90°, such as shown in FIG. 4 (plan view), by explaining its

production process with reference to the sectional views
taken along the line A—A' of FIG. 4.

As shown in FIG. 5 [(2): plan view, (b): sectional view]],
a predetermined region of a silicon substrate 1 1s covered
with a mask 2 made of, for example, a silicon nitride film.
Then, as shown in FIG. 6 (sectional view), the surface of the
silicon substrate 1s subjected to local oxidation to form a
LOCOS oxide film, 1.¢. an element-1solating region 6. The
mask 1s for determination of active region and, in the present
Embodiment, the long side of the rectangular mask 1is
allowed to become approximately parallel to the bisector of
bent-angle 0 of a gate electrode having a bent portion, to be
formed later.

The mask 2 is removed (FIG. 7). Then, the surface of the

resulting substrate 1s subjected to heat oxidation. A sub-
stance such as polysilicon or the like 1s deposited thercon
and subjected to patterning 1n a shape having a bent portion
to form a gate electrode 3. Ion 1njection 1s conducted by
using the gate electrode 3 as a mask to form 1mpurity-
injected regions 9 1n the active region, as shown in FIG. 8
[(a): plan view, (b): sectional view ]. In the present invention,
the width of gate electrode on active region remains
unchanged even when the relative position of the mask
pattern for formation of gate electrode and the mask pattern
for formation of element-isolating region has shifted;
therefore, there 1s no change of gate width.

Next, as shown 1n FIG. 9, an mter-layer insulating film 3
1s formed. Then, as shown 1n FIG. 10, contacts 12 are formed
in the inter-layer insulating film 5. Thereafter, a metal film
1s formed and subjected to patterning to form wirings 11, as
shown 1 FIG. 11, whereby a semiconductor device 1is
completed.

According to the present invention, there can be provided
a semiconductor device which 1s small in parasitic resistance
and parasitic capacitance, of source or drain and which 1s
small 1n variation of gate width and accordingly 1n variation
of properties even when the relative position of gate elec-
trode and active region of MOSFET has shifted; and a
process for production of such a semiconductor device.

What 1s claimed 1s:

1. A process for producing a semiconductor device
comprising, on a semiconductor substrate, an element-
insulating region, an active region, and a gate electrode with
a bent portion having a bent-angle 0 on the active region,
wherein the process comprises the steps of:
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forming, on a predetermined region of the semiconductor conducting 1on injection using the gate electrode as a
substrate, a mask having such a shape that the circum- mask to form impurity-injected regions in the active
ference of the mask intersects the gate electrode to be region.

formed 1n a later step and that the line segments of the
mask circumference at which the intersection takes 5

place, are approximately parallel to the bisector of the

2. A process according to claim 1, wherein the bent-angle
0 of the bent portion 1s 90°.

bent-angle 0 of the bent portion of the gate electrode; 3. A process according to claim 1, wherein the angle
forming, on the area of the semiconductor substrate not formed by the line segments and the bisector is within £10°.
covered with the mask, the element-isolating region 4. A process according to claim 2, wherein the angle
and thereby determining the active region; 10" formed by the line segments and the bisector is within +10°.

removing the mask and then forming the gate electrode
having a bent portion; and £ % % k%
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